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Abstract
Construction work on the 112 MCHF civil engineering contract started at Point 5 in August
1998. The new surface buildings and underground structures are necessary to accommodate
the CMS detector for the LHC Project. The principal underground works consist of two new
shafts, two parallel caverns separated by a supporting pillar, and a number of small connection
tunnels and service galleries. The two shafts are to be sunk through approximately 50 m of
water-bearing moraine to the underlying molasse rock. From a number of possible
construction methods, ground freezing of the moraine was considered to be most appropriate.
The ground freezing is used to control the groundwater and to support temporarily the
moraine during excavation and lining of the shafts. The aim of this paper is to present the
ground-freezing technique and to discuss the advantages and disadvantages of the system in
the light of its first few months of running on the Point 5 site.
21 INTRODUCTION
The civil engineering works at Point 5 necessary to accommodate the CMS detector started in August
1998. The design and supervision of the works was awarded to a joint venture of Gibb (UK), SGI
(Switzerland) and Geoconsult (Austria). The construction contract was awarded to a joint venture of
Dragados (Spain) and Seli (Italy) with a specialist sub-contractor Rodio (Italy) employed to design,
install, and operate the ground-freezing systems for the deep shaft sinking.
The principal underground works at Point 5 consist of two new caverns, two new shafts of
20.4 m and 12.0 m internal diameters, a number of small connection tunnels and service galleries, and
tunnel enlargements on the existing LEP. The new experimental cavern UXC55 (26.5 m wide and
24.0 m high), and the USC55 service cavern (18.0 m wide and 14.0 m high) are parallel and in close
proximity to each other.
The two new shafts are approximately 100 m deep and pass through approx. 50 m of mainly
sandy gravel material, namely moraine, before reaching the molasse rock. Three layers of material
can be assumed to exist in the moraine:
- sandy gravel strata from ground level to approx. –21 m,
- silty clay strata from –21 m to –32 m,
- sandy gravel strata from –32 to –50 m.
The intermediate clayey layer divides, but not completely, two different aquifers located in the
upper and lower gravel strata.
It was a contract requirement that the ground-freezing technique should be adopted to control
the groundwater and to support the moraine during excavation and lining of the shafts. It was
specified that the contractor could present alternative solutions but was in any case responsible for the
design of the system given various constraints.
Other methods to allow shaft excavation were considered, such as diaphragm walling, however,
it was considered that the ground-freezing technique provided the lowest risk option bearing in mind
that this method had been successfully utilized for the construction of the LEP shaft at Point 5. In
addition, an advantage of this technique is that it has a very low environmental impact, in that the
level and quality of the groundwater is not affected.
2 THE ARTIFICIAL GROUND-FREEZING TECHNIQUE
Although patented by H. Poetsch in Germany in 1883, artificial ground freezing (AGF) was first
practised in South Wales in 1862 to form a mineshaft. Apart from protecting excavations, ground
freezing has been used to stabilize slips, sample weak ground, construct temporary access roads, and
maintain permafrost below overhead pipeline foundations and below heated buildings [1].
The method is not limited to problems of scale. It can readily cope with very small situations,
and has been used for excavations up to 45 m diameter and to depths of over 900 m.
The primary objective is to remove heat from the ground until the temperature is below the
freezing point of the groundwater system allowing a vertical cylindrical ice-wall to form around the
perimeter of the shaft prior to excavation. In order to achieve this it is necessary to drill and install
freeze pipes around the perimeter of the shaft to reach an impermeable cut-off stratum. The freeze
tube configuration will depend on the size and shape of the intended excavation.
The AGF is carried out in four stages, each of which is subject to detailed monitoring:
- installation of the refrigeration plant and coolant distribution system,
- refrigeration to construct the ice-wall,
- maintenance refrigeration to allow excavation and installation of the permanent lining,
- allowing or controlling the thaw.
3The most popular and long-proven refrigerant is a calcium-chloride brine solution. This brine
solution is circulated through a closed pipework system before returning to the refrigeration plant on
the surface for re-chilling. The brine needs to circulate at a temperature of around –25°C in order to
achieve an average frozen ground temperature of –10°C.
The refrigeration plant normally consists of a compressor, condenser, evaporator and pumps
with an ammonia-charged compressor system. Ammonia, although toxic, is normally used due to its
attractive thermodynamic properties, which are understood and well documented. It is low in cost and
does not contribute to the greenhouse effect.
3 THE FREEZING SYTEM INSTALLED AT POINT 5
The sequence of the main construction phases are summarized below.
3.1 Site preparation
A temporary lean concrete slab (approx. 250 mm thick) was constructed over the shaft areas to ensure
a proper working platform for the drilling equipment.
3.2 Equipment and plant mobilization
The main equipment necessary included grout mixing units, grouting pumps, drilling rigs, air
compressors and refrigeration units.
The contractor decided to use ammonia-charged refrigeration units. Three independent
refrigerating units with 300 kW thermal capacity each were installed with a special noise barrier
shroud around the installation. Special safety alarm devices were incorporated into the system to
detect possible leakages of ammonia or brine.
3.3 Freezing pipe installation
A rotary-percussion drilling system was used to drill 178 mm diameter boreholes to the required
depth of 50 m and to install a temporary casing. The boreholes were drilled at approx. 1.45 m centres
around the circumference of the shafts. The design thickness of the ice-wall is 3 m for the PM54
shaft, and for the PX56 shaft it is 3 m on the surface increasing to 4 m at the bottom.
The deviation of the hole is critical, so this was checked during drilling using a bi-axial
inclinometer. Upon assessment of an acceptable deviation of the hole, the 76 mm diameter steel
freezing pipe and the 38 mm diameter PVC grouting pipe are installed, one beside the other in the
temporary casing.
After pipe installation and pressure testing a cement grout sheath was formed, injecting grout
into the temporary external casing from bottom to top whilst it was withdrawn.
Figure 1 shows the layout of the freeze and control pipes installed around the larger PM54 and
PX56 shafts [2].
3.4 Pre-grouting
In order to combat the effect of groundwater flow in the existing aquifers it was a contract
requirement that grouting should be undertaken in order to reduce the velocity of water to acceptable
levels. At Point 5 the contractor decided to inject a mixture of cement and bentonite into the ground.
This grouting was performed via PVC grouting tubes installed within the boreholes. This grouting
was controlled using both a volume and a pressure criteria depending on the ground conditions
encountered.
3.5 Frozen wall formation
Once operational the temperature of the soil was monitored by means of a thermometric sensor chain
lowered into the control pipes at specific locations. Along with piezometer readings, information was
collected and the formation of the ice-wall closely monitored. It was predicted that to close the ice-
wall would take approx. 9 weeks per shaft.
4
54 PROGRESS TO DATE
Brine circulation for the smaller PM54 shaft started in April 1999 and by the end of June the ice-wall
appeared to be substantially complete. The temperature control holes indicated that the closure of the
wall was complete, however, piezometer readings were unclear. The contractor started excavating and
concreting the primary lining at the beginning of July 1999. At the same time it was decided that it
would be prudent to pump liquid nitrogen into the existing freezing system in order to increase locally
the freezing capacity in certain locations where it was thought leakages were occurring. Liquid
nitrogen was delivered to site using bulk tankers. The liquid passes into the freeze pipes at –196°C
and is allowed to evaporate. The resultant gas is exhausted to the atmosphere, while its latent heat is
given up to the freeze tubes.
The excavation of the PM54 shaft continued only to encounter various difficulties until it was
decided to backfill the bottom of the excavation with sand and gravels and to fill the shaft with water
to the same level as the outside to avoid gradients. A more rigorous grout curtain was then installed
around the shaft in order to be sure that the ice-wall was in fact closed.
This additional grout curtain was installed and excavation recommenced at the end of
November 1999.
Brine circulation for the larger PX56 shaft started in the course of July 1999. At the time of
writing this paper the temperature records indicate that the ice-wall is still not fully closed in certain
locations. The contractor is currently carrying out additional grouting and liquid nitrogen injection in
order to overcome this problem.
Owing to the problems encountered, the brine circulation has now been running for
approximately four months longer than was initially planned. This will mean that the ice-wall has
now encroached into the shafts, which may make excavation more difficult and time consuming.
5 CONCLUSIONS
Artificial ground freezing is a well-proven technique, which has been extensively used throughout the
world, including for the construction of several of the LEP shafts.
The ground-freezing works performed at Point 5 for the LHC have required substantial
additional remedial measures over and above the original scheme designed by the contractor. These
additional measures appear to have been necessary due to the existence of highly pervious channels in
the moraine. These very small channels are carrying water at a high velocity, which is attacking the
ice-wall and therefore preventing total closure.
At the time of writing this report the PM54 shaft ice-wall is successfully closed and excavation
has re-started. The additional grouting and liquid nitrogen injection for the PX56 shaft is expected to
take several more weeks before excavation can recommence. However, there are indications that the
ice-wall is close to closure.
The civil engineering contractor is claiming that the additional work he has undertaken is due
to unforeseen ground conditions. However, the Engineering Consultants believe that the existence of
these highly pervious channels was to be expected as it was detailed in the tender documents available
to the contractor.
The contractor's claim is currently being studied by CERN and the firm of Engineering
Consultants.
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